Abstract-Transmission issue of wireless video, as the hugest percentage among mobile traffics, is a challenge problem in wireless/mobile networks. To tackle video transmission problem occurred in heterogeneous networks as well as different devices, scalable video coding (SVC) has been developed. Also, network coding (NC) enables to transmit efficiently for same given bandwidth. In this paper, we propose a simple random linear network coding (RLNC) for SVC transmission with decode and forward (DF) system over wireless relay network. In order to transmit base layer of SVC with high reliability using characteristics of RLNC in DF relay system, we propose a method which re-groups differently basic coding units of base layer and enhancement layers in SVC. The simulation shows our proposed method gains better performance compared to previous methods.
I. INTRODUCTION
Today, with popularization of smart devices, data traffic has proliferated in wireless network. With this trend, voice traffics that took a large portion in wireless network have become minor issue; on the other hand, the demand and supply for video traffics have become tremendous issue and taken over the place. Therefore, in order to reduce the traffic load, one should deal with video transmission methods that can provide good quality and reliability.
Network coding (NC) has been designed for wired networks that use multicast protocol to have maximum capacity [1] . In previous data transmission scheme, relay only serves as a routing role. Instead, NC allows the relay to code the data so that more data can be transmitted to next nodes. Later on, there are many attempts to use NC not only in wired networks, but also wireless networks. In addition to these attempts, with the development of random linear network coding (RLNC) [2] , one can apply NC to dynamic topologies.
H.264/AVC and HEVC use fixed bitrate to transmit video data which is not efficient when it comes to heterogeneous network where bandwidth or capacity is different. To tackle this problem, the scalable extension of H.264/AVC (SVC) has been designed. With this codec, one can divide a video bit stream into a base layer and enhancement layers based on temporal, spatial, and quality criteria. The SVC [3] consists of base layer (BL) and enhancement layers (ELs). The BL contains the basic information of data that guarantees minimum quality of video and the ELs contain additional information. The more ELs are obtained, the better quality can be derived on the basis of BL. User equipment receives a BL and several ELs according to the network condition, thus one can receive the best video data in the user environment. However, since the ELs have dependency upon the BL, it is no use when BL information is lost. Therefore, it should be addressed that BL should be regarded as first priority.
The rest of this paper is organized as follows. Previous works regarding NC are treated in Section 2. Our proposed algorithm is introduced in Section 3. The performance of simulation results is evaluated in Section 4. Finally, conclusion of this paper is given in Section 5.
II. PREVIOUS WORKS
Issues about transmitting SVC video using contemporary NC are listed and pros and cons of them are analyzed.
A. Hierarchical Network Coding
Hierarchical network coding (HNC) is a method to protect more important data in SVC video scheme. Nguyen et al. [4] have proposed a method to have protection for base layer by RLNC. In this method, the dependent layer is included when it comes to encode one layer, thus, the dependent layer is strongly protected. Limmanee et al. [5] also proposed a method to protect dependent layer using RLNC that is similar to Nguyen et al. Vukobratovic et al. [6] proposed a method that has stronger protection upon dependent layer by using expanding window. These methods may have gains over rateless coding streaming environments.
However, since they send additional dependent layers, they may consume unnecessary additional capacities when it comes to transmitting video data in a general way.
B. Layer Based Network Coding
Layer based network coding is a method that uses NC to transmit video data in the same layer. Mirshokraie et al. [7] proposed a method to transmit SVC video data over P2P streaming environment. Based on RLNC, it decides specific layers to transmit adaptively according to peer's network condition. In comparison with HNC mentioned before, it is advantageous to use less capacity as well as to transmit SVC video data toward heterogeneous devices in terms of video transmission.
Nyugen et al. [8] designed a streaming system based on RLNC considering SVC and network condition named Chameleon. It makes one packet out of several segments in the same layer. Then it is transmitted to destination node by RLNC. In case of the condition of destination is worse, i.e. the bandwidth is deficient, it reduces one layer being transmitted to make sure a certain quality of video data received in the destination node. Layer based NC shows better performance with respect to network quality index such as buffer time and delay compared to contemporary video streaming algorithms.
However, both methods do not consider the priority of BL over EL so that the protection is always same upon both layers.
III. PROPOSED ALGORITHMS
In this section, we introduce the reason why DF network system is reasonable to RLNC in relay network and analyze the performance of decode-and-forward (DF) and amplifyand-forward (AF). Using the results, we propose an algorithm to transmit base layer with more reliability.
A. DF Relay Network System
If there are data that can be decoded in relay node, DF relay network system decodes the data and forwards again. It is very similar to AF relay network system as it stands for literally, but the performance role in relay node is completely different. After the decoding, it restores original packets and encodes using RLNC by picking coefficients out of a finite field. Segments that cannot be decoded in relay node are transmitted to the destination node as it is. The destination node decodes the data to restore original packets like any other AF relay network system does as long as it gets a certain amount of segments. Otherwise, the destination discards the segments or sends re-transmission request since it cannot decode the data.
In relay network, DF relay system is the way to reinforce RLNC. In this method, the key point is that it applies RLNC one more time in relay node to make more segment candidates that can be decoded. Suppose one packet consists of n segments, receiver does not need to consider which segment it gets, but different kinds. In other words, it just needs to have n segments that are linearly independent. Therefore, with DF, the probability to restore original packet gets higher.
B. Re-grouping Generations within a Packet
With only DF, it is very similar to layer based network coding such as Chameleon [8] , which does RLNC to SVC video data in all nodes except it does RLNC only in relay node. Therefore, to enhance reliability of the most important information, i.e. BL, we propose an algorithm that re-groups generations in a packet unit.
Previous methods divide a packet into n generations, and then it converts them to one encoded data with RLNC before transmission. Proposed algorithm has a thread of connection that it divides a packet into n generations. However it does not convert them into one encoded data with RLNC, it converts them into two encoded data with RLNC, while the ELs maintain one encoded data unit. Fig. 1 shows the proposed application usage of RLNC. In previous algorithm if one segment in the packet is lost, the whole packet shall be discarded. In the proposed scheme, however, it is possible that one can restore the other group of segments among two groups shown in Fig. 1 (a) , thus the probability to restore original packet gets even much higher. It seems that it is not different from just reducing the packet size. If one just reduces the packet size, it increases a great deal of the whole overhead size since the number of headers increases with the increase of the number of packets. On the other hand, the proposed algorithm divides a packet only logically with RLNC characteristic, the physical number of packet does not increase.
There is no help for adding slight information about regrouping into header. Thus, we apply the algorithm only to BL, which has the most important information, to prevent the whole overhead size from increasing as in Fig. 1 .
IV. SIMULATION RESULTS
We evaluate the proposed algorithm from two points of view. First, we make sure that DF relay system shows better performance compared to AF relay system which is currently used popularly. Next, we compare our proposed algorithm to contemporary RLNC method based on SVC. Table 1 shows network environment used in this simulation and topology is presented in Fig. 2 
A. DF Relay System Evaluation
The simulation evaluates three cases, without using network coding, AF relay system with RLNC, and DF relay system with RLNC. Fig. 3 shows the cases with RLNC have tremendously better performance than methods without using network coding. Also, in comparison of AF with RLNC and DF with RLNC, DF with RLNC gains better performance maximum about 7%. As a result, as expected, DF with RLNC is more suitable for relay network system.
B. Video Quality Evaluation
In addition to the simulation, we compare our proposed method to previous layered network coding, Chameleon [8] . Fig. 5 shows our proposed method. As expected, with RLNC characteristics, we can enjoy effectiveness of re-grouping generations in a packet with a little additional overhead. Especially, under worse channel condition, the difference gets bigger which is presented in Fig. 4 . Lastly, we show the Y-PSNR comparison in Fig. 5 . The result shows the restored data have better PSNR performance compared to previous method, i.e. Chameleon. 
V. CONCLUSIONS
In this paper, we propose an efficient network coding algorithm for SVC video transmission in wireless DF relay system. First of all, we compare DF relay system with RLNC to AF relay system with RLNC and showed the reason why DF is suitable for relay network. DF had maximum about 7% gains over AF. Secondly, we re-group generation within a packet into fragmented sub-groups and show the performance with previous method, Chameleon. Although, the proposed algorithm cannot help increasing slight overhead, we minimize the increasing size of overhead by only applying upon BL. The performance comparison show the proposed algorithm has better performance over previous layer-based network coding.
